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Background {#sec006}
==========

The World Health Organization (WHO) defines adolescents as the population in the age range of 10--19 years\[[@pone.0191467.ref001]\]. It is a transition period between childhood and adulthood \[[@pone.0191467.ref002]\] characterized by rapid growth and development \[[@pone.0191467.ref003]\]that offers a second and last chance for the catch up growth in life cycle\[[@pone.0191467.ref004]\]. Adolescents gain 30% of their adult weight and more than 20% of their adult height between 10--19 years \[[@pone.0191467.ref005]\]. Due to such remarkable physical growth and development, the needs for both macro and micronutrient among adolescents are considerably high\[[@pone.0191467.ref006]\]. This makes adolescents an important physiological group whose nutritional needs demand special attention\[[@pone.0191467.ref007]\].

Anemia is a condition in which the number of red blood cells (RBCs) is decreased resulting in insufficient oxygen-carrying capacity of the RBCs to meet the physiological needs of the body \[[@pone.0191467.ref008]\]. Three causes of anemia exist: blood loss, increased destruction of RBCs (hemolysis) and decreased production of RBCs\[[@pone.0191467.ref009]\]. Globally, iron deficiency is thought to be the most common cause of anemia. However, other nutritional deficiencies (including folate, vitamin B12 and vitamin A deficiencies), acute and chronic inflammation, parasitic infections, and inherited or acquired disorders that affect hemoglobin synthesis, red blood cell production or red blood cell survival can all cause anemia\[[@pone.0191467.ref008]--[@pone.0191467.ref010]\].

Anemia adversely affects the cognitive performance, behavioral characteristics and physical growth of infants, preschool and school-age children. It also affects the immune status and morbidity from infections of all age groups and the use of energy sources by muscles. Hence, the physical capacity and work performance of adolescents and adults of all age groups are significantly affected\[[@pone.0191467.ref011]\]. Among adolescents, anemia affects not only the present health status but can also have deleterious effects in later life. The rates of low birth weight, pre-maturity, neonatal and infant mortality among children born to undernourished adolescent girls is high. Later on, these undernourished girls become anemic and produce low birth-weight babies\[[@pone.0191467.ref012]\].

During adolescence the need for iron increases from preadolescent level of 0.7--0.9 mg Fe/day to up to 2.2 mg Fe/day both among adolescent boys and girls. This increased iron requirement is attributable to peak pubertal development characterized by expansion of total blood volume, increase in lean body mass and the onset of menstruation in adolescent females\[[@pone.0191467.ref004]\]**.** Iron need in females continue to remain high after menarche due to menstrual blood loss where the iron need averages about 20 mg of iron per month and it may also be as high as 58 mg in some individuals\[[@pone.0191467.ref013]\].

In developing countries parasitic infections and other infectious diseases are prevalent which increases the requirement of iron in human body\[[@pone.0191467.ref014]\]. Poor quality of diet consumed during early childhood\[[@pone.0191467.ref015]\] and early onset of menarche\[[@pone.0191467.ref016]\], can lead to depletion of iron stores**. A s**ignificant number of adolescents, specifically females, have an iron intake of only 10--11 mg/day which accounts for about 1 mg of iron absorption into the body\[[@pone.0191467.ref004]\]. This condition is further complicated when adolescents are exposed to frequent infections, heavy workload or increased physical activity and early pregnancy in females \[[@pone.0191467.ref017]\].

Multiple and multifaceted factors contribute to anemia, with iron deficiency being the most common cause. Evidence from the literature suggests that female adolescents\[[@pone.0191467.ref018],[@pone.0191467.ref019]\]; adolescents in early stage of adolescence period, females in a physiological state like menstruation, adolescents from low socio-economic status, adolescents with macronutrient deficiency\[[@pone.0191467.ref018],[@pone.0191467.ref020]--[@pone.0191467.ref022]\] and adolescents with malaria and helminth infection\[[@pone.0191467.ref020],[@pone.0191467.ref023],[@pone.0191467.ref024]\]are more prone to the development of anemia. Additionally, the area of residence (rural or urban) and meal patterns \[[@pone.0191467.ref022],[@pone.0191467.ref025]\], family food sources\[[@pone.0191467.ref026]\] family size\[[@pone.0191467.ref022]\] and educational status of families\[[@pone.0191467.ref019]\] are common factors associated with anemia particularly in developing countries.

In Ethiopia, while sexually transmitted diseases and other reproductive health issues of adolescents have been given considerable importance, limited work has been done on adolescents' nutritional status. Information regarding adolescents' nutritional status and burden of anemia among all adolescents and particularly among adolescent boys is not readily available. Nutrition-related efforts in the country put much emphasis on early childhood and pregnancy and lactation periods while adolescence is also found to be a critical age where anemia is a major public health concern. This study aimed to assess the prevalence of anemia among adolescents to develop evidence that can assist with developing of pragmatic intervention program.

Methods {#sec007}
=======

Study area and period {#sec008}
---------------------

A school based descriptive cross-sectional study was conducted from March 22 --April 28, 2016 among school adolescents **(10--19** years**)** from 15 randomly selected schools in Wonago district of Gedeo zone, South Ethiopia. Wonago is one of the most densely populated area in the country with up to 1000 people per square kilometer in some parts of the district\[[@pone.0191467.ref027]\]. There are 23 schools in the district out of which 15 schools (2 secondary schools and 13 primary schools) were randomly selected for this study.

Sample size determination and sampling technique {#sec009}
------------------------------------------------

The sample size was determined using the a formula for single population proportion based on the following assumptions: estimated 50% prevalence (p) of anaemia (due to absence of study on prevalence of anemia among adolescents in comparable area), a 95% confidence interval for the true prevalence and a relative precision (d) of 5%.

The formula adopted was **Z**~**α/2**~^**2**^ **p (1-p)/d**^**2**^ where Z~α/2~^2^ = 1.96, p = 0.5 and d = 0.05. The calculated sample size (based on this formula) was 385. Assuming a non-response rate of 15% (58 students) the final sample size for the study became 443. The schools were selected using simple random sampling method through table of randomly generated numbers. Proportional allocation method was used for determining of the number of adolescent students included from each school. The selection of each study subject (student) at each school was conducted by table of random numbers based on the students list available in the schools registry (roster) after excluding non-adolescent students. Terminally ill adolescents, adolescents with known chronic illness and pregnant adolescents were excluded from the study.

Data collection procedure and tool {#sec010}
----------------------------------

The questionnaire was adapted from the WHO nutritional survey\[[@pone.0191467.ref015]\] and peer reviewed published literature. After pretest was conducted, further modification was also made to familiarize the tool with the study setting. The questionnaire mainly contains closed-ended questions and it has also a few open ended questions used to assess the adolescents' awareness about anemia. The tool was previously used in different studies conducted among school age children and adolescents\[[@pone.0191467.ref028]--[@pone.0191467.ref031]\]. Fourteen diploma laboratory technologists were employed as data collectors and three BSc laboratory technologists were assigned as supervisors. They were selected from the catchment area based on their previous experience on research. A brief training on the objective of the study, interview techniques and techniques of measurement was given for the data collectors and supervisors. Information about the study was also given for adolescent students at each school. After selection of eligible adolescents at each school some of the selected adolescents were requested to come with their parents the next day and the others were given a consent form to take home for their parents to sign on the form as evidence that the parents allowed the adolescents to participate in the study. After consent was obtained from parents the selected adolescents were interviewed by the data collectors.

Measurement {#sec011}
-----------

### Blood test {#sec012}

A portable hemoglobin meter (HemoCue AB, Angelhom, Sweden) was used to determine hemoglobin concentration from a capillary blood sample collected aseptically by sterile single-use disposable lancet from the fingertip. The necessary safety measures were taken during blood collection. Anemia status of the adolescent was classified based on WHO classification using hemoglobin level of the respondents. For all adolescents age ≤11 years hemoglobin value \<11.5g/dL, for all adolescents age 12--14 and female adolescents ≥15 years of age hemoglobin value of less than 12 g/dL and for male adolescents \> 15 years of age hemoglobin value of less than 13 g/dL.

Similarly severity of anemia was classified based on WHO classification method as: severe anemia: Hgb level below 7 g/dL, moderate anemia: Hgb level 7 g/dL---9.9 gm/dL and mild anemia: Hgb level 10 g/dL -11.4 g/dL in adolescents aged ≤11 years and Hgb level 10g/dL -11.9 g/dL in all adolescents of 12--14 years of age and female ≥ 15 years and Hgb level 10g/dL -12.9 g/dL in male ≥15 years \[[@pone.0191467.ref008],[@pone.0191467.ref032]\].

### Anthropometric measurements {#sec013}

Measurements of height and weight were taken according to the WHO's guideline. Weights of the school adolescents were measured to the nearest 0.1 kg on a battery powered digital scale (SECA, UNICEF, Copenhagen) and height was measured to the nearest 0.1 cm using a wooden height-measuring board with a sliding head bar following standard anthropometric techniques \[[@pone.0191467.ref033]\]. Anthropometric indicators used in this study are BMI for age z-score (BAZ) and height for age z-score (HAZ). School adolescents below -2 HAZ score were classified as stunted and those with BAZ score less than -2 were classified as thin.

### Stool examination {#sec014}

For the assessment of helminthes infection, containers were distributed to each adolescent and they were asked to collect and bring a sample of their feces at the time of data collection. These samples were stained and examined within 1 hr of staining by Kato-Katz method for the presence of geo-helminths (hookworm, ascaris lumbricoides, trichuristrichuria and strongloides stercoralis). Standard operating procedures (SOPs) and manufacturers' instructions were strictly followed for all laboratory activities and reagents were checked for their expiry date.

### Wealth index {#sec015}

Household's assets that are durable and semi-durable goods were used to describe household economic status. Household questionnaire that was used by Ethiopian demographic and health survey to measure household's socioeconomic status were applied to assess the wealth index. The wealth index was calculated by principal component analysis using data of household's assets and the respondents' families were classified into five according to wealth status score.

Data analysis {#sec016}
-------------

For data entry, template formats were prepared in Epidata version 3.1 and data was entered by single entry. The data was exported to IBM SPSS Statistics version 20 for analysis. Descriptive statistics were computed for prevalence of anemia, anthropometric measurement, socio-economic and socio-demographic variables. Binary logistic regression was used to identify variables associated with anemia among adolescents using odds ratio (OR) and 95% confidence interval.

A hierarchical multivariable analysis based on conceptual model adapted from De Silva *et al*.\[[@pone.0191467.ref034]\] was used to assess independent predictors of anemia among adolescents using odds ratio (OR) with their corresponding confidence interval (CI). The first dimension of the hierarchical model includes socio-economic and environmental variables which include family size, residence of the family, wealth index, shoe wearing frequency, source of family food need, daily meal frequency, presence of regular feeding program in school and malaria endemicity in the area of residence. Variables included in the second dimension of hierarchical model were educational level of mother and educational level of father. These variables were analyzed separately from socio-economic status since they are individual characteristics of the parents while other socio-economic variables are mainly households' characteristics. The third dimension of the model contains individual characteristics of the adolescents which include age category, sex, HAZ, BAZ and stool parasite.

The variables included in each components of hierarchical model were entered simultaneously. At each stage of hierarchical model variables having P-value ≤ 0.20 in the previous multivariable analysis were remained in the model while running the next multivariable analysis with the variables of subsequent dimension of hierarchical model. Possible interaction between variables was checked before reporting of the result of the analysis. Finally, variables with p-value \<0.05 in the final stage of hierarchical model was taken as the independent predictors of anemia among adolescents in this study.

Ethics statement {#sec017}
----------------

Ethical clearance was obtained from Dilla University College of Health Sciences and Medicine Ethical Review Committee and letter of permission was obtained from authorities in the study area. Informed consent was also obtained from the parent of each study subjects prior to interview and the purpose of the study was explained deeply in the consent form for the respondent parents and in addition it was explained orally for the study subjects. Confidentiality of the information obtained was assured and privacy of the respondents was also maintained.

Results {#sec018}
=======

Descriptive and bivariate analysis result {#sec019}
-----------------------------------------

From a total of 443 students expected to participate in the study, 424 (96%) responded for the enquiry. More than half of the participants, 247 (58.3%), were male and 180 (42.4%) of the participants were in middle period of adolescence (14--16 years). In this study about 22% of the participants were anemic and almost all 422 (99.5%) of them were with mild type of anemia. Sixty two (14.6%) of adolescents have HAZ \< -2 and 11.6% have BAZ \<-2. Among the study participants there was no any adolescent with BAZ greater than +2. From the stool examination results, nearly 60% of the adolescents have at least one parasite and the predominant parasite was askaris which was identified in the stool of 30% of adolescents and 5.2% of the adolescents had hook warm. Regarding the association between individual characteristics and anemia among adolescents, age category and HAZ were found to be significantly associated with anemia on bivariate analysis ([Table 1](#pone.0191467.t001){ref-type="table"}).

10.1371/journal.pone.0191467.t001

###### Individual characteristics of the respondents and prevalence of anemia among adolescents in Wonago district, Gedeo Zone, South Ethiopia, April 2016.

![](pone.0191467.t001){#pone.0191467.t001g}

  Variables                     variables Category           Frequency (%)   Prevalence of anemia                              
  ----------------------------- ---------------------------- --------------- ---------------------- ------------ ------------- ---------
  **Age**                       Early adolescence (10--13)   173 (40.8)      39.9                   5.23         2.36--11.58   \<0.001
  Middle adolescence (14--16)   180 (42.4)                   8.3             0.72                   0.29--1.77                 
  Late adolescence (17--19)     71 (16.7)                    11.3            1.00                   Reference                  
  Mean age                      13.9±2.3                                                                                       
  **Sex**                       Male                         247 (58.3)      24.3                   1.00         Reference     0.13
  Female                        177(41.7)                    18.1            0.69                   0.43--1.11                 
  **HAZ**                       ≥-2                          362 (85.4)      19.6                   1.00         Reference     0.01
  \<-2                          62 (14.6)                    33.9            2.1                    1.17--3.77                 
  **BAZ**                       ≥-2                          375 (88.4)      22.1                   1.00         Reference     0.55
  \<-2                          49 (11.6)                    18.4            0.79                   0.37--1.70                 
  **Stool parasites**           Yes                          248 (58.5)      18.9                   1.47         0.92--2.34    0.10
  No                            176 (41.5)                   25.6            1.00                   Reference                  

BAZ: Body mass index-for age z-score

HAZ: Height-for-age z-score

Regarding family characteristics, 286 (67.5%) of the respondents' family live in rural area and about90% of the adolescents are from households with family size of five and above. Information about the educational status of family of adolescents show that 337 (79.4%) of fathers and 219 (51.7%) of mothers have primary education and above. About 116 (27.4%) of the respondents reported that their usual daily meal frequency was two times or below. For about half of the respondents (214 adolescents), their family produces/cultivates the food needed for household daily consumption by their own. In the school of 245 (57.8%) adolescent students, there is a regular feeding program for the last six month. On bivariate analysis educational level of parents, family size, place of residence, shoe wearing frequency, daily meal frequency and family food source were significantly associated with anemia among adolescents with P-value \<0.001([Table 2](#pone.0191467.t002){ref-type="table"}).

10.1371/journal.pone.0191467.t002

###### Parental characteristics and socio-economic and environmental variables and their association with anemia among adolescents in Wonago district, Gedeo Zone, South Ethiopia.

![](pone.0191467.t002){#pone.0191467.t002g}

  Variables                         variables Category   Frequency (%)   Prevalence of anemia                               
  --------------------------------- -------------------- --------------- ---------------------- ------------- ------------- ---------
  **Mother education**              Illiterate           205 (48.3)      30.7                   2.44          0.97--6.12    \<0.001
  Primary                           180 (42.5)           12.8            0.81                   0.30--2.13                  
  High school and above             39 (9.2)             15.4            1.00                   Reference                   
  **Father education**              Illiterate           87 (20.5)       39.1                   5.20          2.30--11.76   \<0.001
  Primary education                 255(60.1)            19.2            1.93                   0.90--4.12                  
  High school and above             82(19.3)             11.0            1.00                   Reference                   
  **Family size**                   Four and below       43 (10.1)       7.0                    1.00          Reference     \<0.001
  Five to seven                     219 (51.7)           32.9            6.53                   1.95--21.83                 
  Eight and above                   162 (38.2)           10.5            1.56                   0.44--5.60                  
  **Wealth index**                  Lowest               83 (20.6)       22.9                   0.95          0.44--2.02    0.14
  Second                            80 (19.9)            26.3            1.14                   0.54--2.40                  
  Middle                            76 (18.9)            10.5            0.38                   0.15--0.94                  
  Fourth                            96 (23.9)            18.8            0.74                   0.34--1.57                  
  Highest                           67 (16.7)            23.9            1.00                   Reference                   
  **Place of residence**            Urban                138 (32.5)      6.5                    1.00          Reference     \<0.001
  Rural                             286 (67.5)           29.0            5.86                   2.85--12.07                 
  **Shoe wearing frequency**        Never or rarely      115 (27.1)      42.6                   5.37          2.99--9.67    \<0.001
  Some times                        136 (32.1)           16.2            1.40                   0.73--2.66                  
  Always                            173 (40.8)           12.1            1.00                   Reference                   
  **Daily meal frequency**          Two times or below   116 (27.4)      37.1                   3.11          1.92--5.06    \<0.001
  Three times and above             308 (72.6)           18.9            1.00                   Reference                   
  **Sources of Family food need**   Grow their own       214 (50.5)      11.2                   1.00          Reference     \<0.001
  Buy/purchase                      189 (44.6)           33.9            4.05                   2.41--6.82                  
  Subsidies/food aid                21 (5.0)             23.5            1.86                   0.58--5.99                  
  **School feeding**                Yes                  245 (57.8)      24.5                   1.00          Reference     0.10
  No                                179 (42.2)           17.9            0.67                   0.41--1.09                  
  **Malaria endemicity**            Yes                  241 (56.8)      21.2                   1.00          Reference     0.76
  No                                183 (43.2)           22.4            1.08                   0.98--1.71                  

A hierarchical multivariable analysis result (Predictors of anemia among school adolescents) {#sec020}
--------------------------------------------------------------------------------------------

The first stage of hierarchical multivariable analysis revealed that, adolescents from households with family size of five to eight \[OR: 10.60, CI: 2.40--46.79\], rural adolescents \[OR: 6.63, CI: 2.65--16.57\], those who never or rarely wear shoes \[OR: 10.39, CI: 4.29--25.18\], those whose their daily meal frequency was two times or less \[OR: 4.50, CI: 2.24--9.04\] and adolescents from families who achieve their food need through purchasing \[OR: 3.13, CI: 1.50--6.55\] were found to have a higher risk of anemia. In the second stage of hierarchical model, parental characteristics (educational level of mother and father) were entered into the model. At this stage both variables were found to have no effect on anemia among adolescents in this study. However, wealth index which have no any effect on the first stage was turned to have association with anemia and adolescents in lowest wealth quintile became more likely to be anemic when compared to those in highest wealth quintile \[OR: 3.60, CI: 1.13--11.49\].

In the third stage of the model individual characteristics of students were simultaneously entered into the model with variables having p-value less than 0.20 in previous model. Among individual characteristics entered at this stage, adolescents in early period of adolescence \[OR: 4.75, CI: 1.69--13.35\] and adolescents with height for age z-score \<-2 \[OR: 6.23, CI: 1.98--19.62\] were found to have greater risk of anemia whereas female adolescents were less likely to be anemic when compared to males \[OR: 0.34, CI: 0.15--0.79\]([Table 3](#pone.0191467.t003){ref-type="table"}).

10.1371/journal.pone.0191467.t003

###### Predictors of anemia among school adolescents in Wonago district, Gedeo Zone, South Ethiopia, April 2016.

![](pone.0191467.t003){#pone.0191467.t003g}

  Variables                           1^st^ stage          2^nd^ stage   3^rd^ stage                                            
  ----------------------------------- -------------------- ------------- -------------------- --------- ----------------------- ---------
  Family size                                              0.001                              \<0.001                           0.003
   Four and below                     Reference                          Reference                      References              0.05
   Five to seven                      10.60(2.40--46.79)                 15.09(3.70--61.48)             **9.82(2.42--39.88)**   
   Eight and above                    3.87(0.788--19.01)                 6.20(1.33--29.02)              4.51(0.98--20.78)       
  Wealth index                                             0.097                              0.01                              0.04
   Lowest                             1.85(0.67--5.09)                   3.60(1.13--11.49)              2.43(0.70--8.46)        
   Second                             1.09(0.41--2.89)                   1.69(0.57--5.02)               1.19(0.36--3.93)        
   Middle                             0.37(0.12--1.13)                   0.39(0.12--1.30)               **0.26(0.07--0.98)**    
   Fourth                             1.38(0.50--3.82)                   1.93(0.60--6.23)               2.29(0.70--7.57)        
   Highest                            Reference                          Reference                      Reference               
  Residence                                                \<0.001                            0.003                             0.01
   Urban                              Reference                          Reference                      Reference               
   Rural                              6.63(2.65--16.57)                  4.62(1.71--12.48)              **4.37(1.54--12.46)**   
  Shoe wearing                                             \<0.001                            \<0.001                           \<0.001
   Never or rarely                    10.39(4.29--25.18)                 12.37(4.69--32.66)             **8.15(3.08--21.57)**   
   Some times                         1.64(0.65--4.15)                   2.19(0.79--6.05)               0.54(0.18--1.65)        
   Always                             Reference                                                         Reference               
  Meal frequency                                           \<0.001                            \<0.001                           \<0.001
   Two times or below                 4.50(2.24--9.04)                   5.09(2.40--10.79)              **4.48(2.04--9.85)**    
   Three times or more                Reference                          Reference                      Reference               
  Food source                                              0.002                              0.001                             0.02
   Grow their own                     Reference                          Reference                      Reference               
   Buy/purchase                       3.13(1.50--6.55)                   4.01(1.81--8.88)               **3.25(1.42--7.45**)    
   Subsidies/food aid                 0.80(0.18--3.51)                   0.89(0.18--4.32)               2.92(0.54--15.75)       
  School feeding                                           0.27                               \-        \-                      
   Yes                                Reference                                                                                 
   No                                 1.45(0.75--2.80)                                                                          
  Malaria endemicity                                       0.78                               \-        \-                      
   Yes                                Reference                                                                                 
   No                                 0.91(0.46--1.80)                                                                          
  Father education                                         \-                                 0.77      \-                      
   Illiterate                                                            1.15(0.32--4.06)                                       
   Primary                                                               0.84(0.26--2.74)                                       
   secondaryor above                                                     Reference                                              
  Mother education                                         \-                                 0.40      \-                      
   Illiterate                                                            2.17(0.36--13.13)                                      
   Primary education                                                     0.45(0.07--2.82)                                       
   secondary or above                                                    Reference                                              
  Age category (adolescence period)                        \-            \-                                                     \<0.001
   Early (10--13)                                                                                       **4.75(1.69--13.35)**   
   Middle (14--16)                                                                                      0.50(0.15--1.69)        
   Late (17--19)                                                                                        Reference               
  Sex                                                      \-            \-                                                     0.01
   Male                                                                                                 Reference               
   Female                                                                                               **0.34(0.15--0.79)**    
  HAZ                                                      \-            \-                                                     0.002
   ≥-2                                                                                                  Reference               
   \<-2                                                                                                 **6.23(1.98--19.62)**   
  BAZ                                                      \-            \-                                                     0.10
   ≥-2                                                                                                  Reference               
   \<-2                                                    \-            \-                             0.32(0.08--1.23)        
  Stool parasite                                                                                                                0.69
   Yes                                                                                                  Reference               
   No                                                                                                   1.16(0.55--2.47)        

Discussion {#sec021}
==========

Anemia affects a large proportion of human population and adolescents are among the disproportionately affected population segments. In this study the prevalence of anemia is 22% and almost all (99%) of the anemia was of mild type. According to the WHO classification for public health significance of anemia based on the prevalence of anemia, the magnitude in this study is of moderate public health significance. The result of this study is comparable with the 23.6% prevalence of anemia among 10--14 years age adolescents reported in the primary school of Kersa district, Eastern Ethiopia\[[@pone.0191467.ref031]\]. However this prevalence is higher than the finding of a study done among school adolescents in Bonga town, Southwest Ethiopia, which found 15.2% prevalence of anemia\[[@pone.0191467.ref029]\]. Similarly it is higher than the 13.6% prevalence among 12--15 years adolescents in Filtu Town, Somali region, Southeast Ethiopia\[[@pone.0191467.ref020]\]. This may be due to differences between study participants, where the majority of the participants in our study were from rural areas and those in studies done in Bonga town and Filtu town were from urban areas. The prevalence of anemia among adolescents in this study is also nearly twice the national prevalence among youths which is 13.7%\[[@pone.0191467.ref035]\]. Likewise, the prevalence in this study is much higher than the 5.2% prevalence from a study conducted in Denizli, Turkey \[[@pone.0191467.ref036]\].

When compared to the findings on prevalence of anemia among adolescents in other countries of the world including India, Nepal, Bangladesh and Pakistan, the prevalence of anemia among adolescents in Ethiopia is relatively low. According to some studies in India the prevalence of anemia among adolescents ranges from 30--56% \[[@pone.0191467.ref037],[@pone.0191467.ref038]\] in an study conducted by Hyder *et al*\[[@pone.0191467.ref039]\] in rural Bangladesh found anemia prevalence among adolescents to be 69%. Another study conducted by Al-Buhairan\[[@pone.0191467.ref040]\] found 42% prevalence of anemia among adolescents in Pakistan and Adhikari and Regmi also found a similar figure (42%) among rural Nepalese adolescents of both sexes\[[@pone.0191467.ref041]\]. In another study conducted in Morang district, Nepal, the prevalence of anemia among adolescent males and females was 47.7% and 52.3% respectively \[[@pone.0191467.ref042]\]. This lower level of anemia among adolescents in the current study compared to findings from other developing countries may be due to high iron content \[[@pone.0191467.ref043]--[@pone.0191467.ref045]\] of the main local food source in the area -enset (*Enseteventricosum)* \[[@pone.0191467.ref046]\] and the higher meat consumption behavior among communities in the study area.

From the result of the third stage (last stage) of hierarchical multivariable analysis, adolescents in early period of adolescence (10--13 years) were about five times more likely to be anemic compared to older adolescents (17--19). This result is relatively in agreement with the finding of a study from Iraq\[[@pone.0191467.ref019]\] where the prevalence of anemia is found to be higher among younger adolescents compared to older ones. The study also revealed that female adolescents were less anemic when compared to male adolescents, the likelihood of being anemic decreased by 66% for female adolescents. The result of this study is in agreement with findings from a study conducted in Palestine, West bank\[[@pone.0191467.ref047]\]. However the finding was on the contrary to studies done elsewhere\[[@pone.0191467.ref035],[@pone.0191467.ref036],[@pone.0191467.ref038],[@pone.0191467.ref042],[@pone.0191467.ref048]\] showing that female adolescents are more anemic as compared to males due to their higher physiologic need of iron during menstruation. Nevertheless, menstruation was not significantly associated with anemia status in this study. The lower risk of having anemia among females in this study may be attributed to more time spent at home when compared to male adolescents. In rural areas of Ethiopia female adolescents spend most of their out of school time at home and consequently they may have better chance to have more meals per day. Adolescent males are more likely to be out of home with their peers missing the meal time. However, other study in Southwest Ethiopia found no sex difference for the prevalence of anemia among adolescents\[[@pone.0191467.ref049]\].

Regarding the association between nutritional status and anemia among adolescents, those with HAZ \<-2 were about six times more likely to be anemic. This finding is also in agreement with studies conducted elsewhere including studies conducted in Ethiopia\[[@pone.0191467.ref020],[@pone.0191467.ref029]\]. Family size is also one of the socio-economic variables determining the prevalence of anemia in this study. As a result, adolescents from households with family size of five to eight are nearly 10 times more likely to be anemic when compared to those from lower family size. The result of this study is in accordance with other studies done in different parts of the world\[[@pone.0191467.ref019],[@pone.0191467.ref029]\]. In a study conducted among school adolescents in Bonga town in South Ethiopia, children from households with family size above five were about three times more likely to be anemic\[[@pone.0191467.ref029]\]. But a study done among school children in Southwestern Ethiopia, Jimma town\[[@pone.0191467.ref050]\] and other study among primary School children in Eastern Ethiopia, Kersa district \[[@pone.0191467.ref031]\] found no significant association between anemia and family size. On the other hand, adolescents from households with family size above eight members show no significant difference with those from lower family size. This may be due to the fact that households with larger family size have more independent members that could support the family income to improve the adolescents feeding.

Other socio-economic factors determining the prevalence of anemia among adolescents in this study were area of residence and wealth index. Adolescents from rural areas were more than four times at higher risk of anemia compared to urban adolescents. This may also be the reason why the prevalence of anemia in this study is higher than findings from other studies conducted in urban areas of Ethiopia. Regarding wealth index adolescents from families in the middle wealth quintile were less likely to be anemic when compared to those from highest wealth quintile. The likelihood of having anemia decreased by 74% for adolescents from families with middle wealth quintile. This is on the contrary to other studies conducted in different parts of the world \[[@pone.0191467.ref029],[@pone.0191467.ref036],[@pone.0191467.ref050]\] where usually lower economic status increases the risk of anemia due to higher possibility of food shortage. The unusual lower prevalence of anemia among adolescents from middle wealth quintile in this study may be due to the fact that, the area is a cash crop area and most of the time households with higher socio-economic status in this area are merchants. The source of family food need for such households is purchasing from the market and adolescents from households who achieve their food need through purchasing were more likely to be anemic in this study.

Shoe wearing frequency was also associated with the risk of anemia among adolescents in this study. Adolescents who do not wear shoes at all or wear them rarely were eight times more likely to be anemic, those who do not wear shoes may be from low socioeconomic status which can be associated with malnutrition. Parasite infestation, particularly geohelminth infestation with hookworm, ascaris lumbricoides, trichuris trichuria, E.vermicularis and strongloides stercoralis, did not show a significant association with anemia among adolescents in the current study. Likewise, a study done among adolescent school girls in Western Kenya found no significant association between anemia and parasite infestation\[[@pone.0191467.ref051]\].

Prevalence of anemia was also associated with daily meal frequency and source of family food need. Adolescents who eat two or less times per day were nearly five times more likely to develop anemia as compared to those who eat three or more times. This result also complies with the study done among adolescents in Multan Nagar urban slum in India\[[@pone.0191467.ref038]\]. This might be so because adolescent who eat three or more times per day gets more energy and have high likelihood of consuming iron reach foods. Regarding the source of family food need, adolescents from families who meet food need through purchasing were about three times more likely to be anemic when compared to those who grow by their own. This might be due to the fact that those who grow by their own produce more food with variety and amount and their children could get well balanced and sufficient diet.

This study explored the status of anemia in a segment of the population understudied, specifically male adolescents with adequately representative sample and probable method of sampling procedure. However, we acknowledge certain important limitations, one of the main limitations of this study was that we did not explore different etiologies of anemia which is important for designing specific and appropriate intervention mechanisms for each etiologic factor. Another limitation was the absence of data on variables like dietary diversity that may show how variation in the consumption of variety of food sources determines the prevalence of anemia in the study area. Another limitation of this study was the exclusion of adolescents who are out of school which could have different nutritional status when compared to in school adolescents. This may affect the generalizability of the result of the study for all adolescents. However, since the number of adolescents who are out of school is relatively very small when compared to school adolescents, this study could also give a useful insight into the prevalence of anemia in this population.

Conclusion and recommendation {#sec022}
=============================

The prevalence of anemia in this population is of moderate public health concern and the result implies that adolescents of both sexes are among groups at risk for the development of anemia. Further studies to identify the typical etiologies of anemia in this population are needed to design appropriate intervention programs. Nutrition programs aiming to alleviate anemia in this population should give special focus to adolescents in early adolescence period, male adolescents and adolescents from low socioeconomic status. Increasing access to school meals and improving the quality of meals should also get due emphasis to increase the daily meal frequency of the adolescents.
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